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ABSTRACT

Compact, high-power-density approaches to
fusion power are proposed to improve economic
viability though the use of less-advanced tech-
nology i, systems of congiderably reduced
scale. The rationale for and the means by
which these systems can be achieved are di{s-
cussed, as are unique technolegical problems.

1. INTRODUCTION

The engineeri{ng developmeut needs for the
mainline tokamak have been quantified by
detalled conceptual design studies of both
f{rat-ganeration engineering experiments!'? and
commercial power reactors, while similar
studies of the Tandem Mirror Reactor (TMR)“"®
a8 well as nearer-term angineering devices’ 8
are being conducted. The status of reactor
designs for tokamaks, tandem mirrors, and
alternat{ve fusion concepta (AFCs) hans been
summarized quantitatively, 110 and a qualita-
tive assessment of the engineering and tech-
nology needs of the wmajor AFCs haa  been
preganted recently.}t! The assessment of
sconomic viability for magnetic fusion energy
(MFE) provided by these studies can become
ohscured by the (finierdependence of complex
physics, engineering, and costing/economics.
In order to ci{rcumvent in pact the asabiguitv
that usually accompanies attempts to combine
and {nterpret resulte from a larze number of
relatively {ndependent studies, thi{a paper pro-
ceedy on the banis of onc aimple observation
and one straightforward vremedy proposed to
reduce the {mplication of that observation,
Specifically:

® Obmervation: moat fueion powaer rescto* pro-
Jecttons, be they mainline or AFC, {ndicate
4 watoer=heating fusion powar core [' C,
{.0,, firnt=-wall/blanket/shiecid/cotln  /B/
$/C)] that {w at least an order of magnitude
motre mans{ve and voluainous than al-
ternatives.
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® lamplication: these MFE gystems tmay be
appreciably more expensive than alternative,
long-term energy sources in aepite of a
nagligible fuel charge.

® Solution: FPCs of considerably higher power
uenaity that eimultaneously operate with
acceptably low recirculating power {ractions
(< 0.1=0.2) and reasonable extrayolations of
present technology will he required.

Concern over this dominance i{n FPC nass
and cost for wany MFE approaches!”!0,
therefore, has led to consideration of more
compact options.'!%7!} This generic catepory
{ncludes the Compact Reversed-Field Pinch
Reactor (CRFPR),!2713 the reactor embodiment of
the Ohmically=-Heared Toroidal Expearinent
(OMTE), !* high=-field tokamaks ("me,
Riggstron T)15°19  4nd certain subelements of
the Cousact Toroids (CT, {.e., sepheroma¥s and
field-reversed configurations).?9"27 The word
"cowpact”" describee approsches that  would
operate with high engineer.ng or system pc.er
density ({.e.. total thermal! power per uuit of
FPC volume) end does not necessarily floply
small plant capacity. Also, "compact" does not
necesgarily refer to or limit a wpecific
confinement scheme; just ae the Reversed-Field
Pinch (RFP% has a vi{able "convent{onal' reactor
enbodiment<®, compect reactor options for the
tokamak!i$=17, the staellarator/torsatron/
hellotron (S/T/H)2%, and certailn CT config-
urations can be envisaged. veneral
charactevriutica bef{ng wought by the comjict
reactor optiona are: power denmities within the
FPC approaching *howe of light-water f{ise{on
veactors (f.e., 10=15 MWe/ed or 10=30 times
Rreater than for other MFE systems); p-ojected
total costs that are relatively {nsengitive to
large changen i{n unit coaes ($/kg) used to
eatimate FPC and associated reactor plant
equipment (RPE) costs, thereby reducing the {m-
lract of uncertaintien in the essociated phystcn
and technology on totsl coet; considerably vre-
duced FPC slre and maws  with potential for
"block" ({.0., #ingle or (few-piece) {(nutall-



ation and maintenance; and the potential for
rapid, wminimum-cost development ard Jdeploywent.

The compact op=-ion will require the
extension of existing technologies to accommo-
date higher heat and particle fluxes, higher
power densities, and, in soce {netances, higher
magnetic fields required to operate FPCg with
higher system power densities. Both the
advantages and limitations of the coampact
optiou, as well ag related rechnological needs,
have recently been summarized.30

II. STATUS

Although the achievement of physics energy
breakeven and eventual deuterfuw-tritium
ignition represents o3 jor near-term and
practically achievable goals, these conditions
wi{l} be demonstrated in devices containing
total plasma kinetic energies that differ
signi{ficuntly from the requirements projected
for commercial pdower reactors. This difference
{8 best i{l)lustrated on Fig. | by plotting the
confinement paraueter against the total kinetic
energy atored {n the plasma, Given steady
progress towards achieving {wmproved confinement
8t reactor-like plasma densities and temper-
atures, the gan existing between experipents
and FED-li{ke devices, as well as between FED-
like devices and commercial reactors, trans-
lates {nto a need for significant technology
development.

Key plasma, FPC, and power-<plant
paramuters emerging from recent reactol cedign
studies are aummarized on Table 1I. Given

cont{nued steady progreas, {mproved plasms
confinement lead.ng to plasma ignitfor. appears
as a ressonably attainable goal. Extensfon to
the additioral 100-1000 fold {ncrease {n stared
plasma energy rtequired for the commercial
reactors gummarized in Table 1 and ligted on
Fig. 1, however, will require ma jor
technological development and attendant costs,
Sign{ficant reduction {n FPC mass utiifzation,
stored plasma and magnetic-field energies, and
projected wunit costs are possible for the
compact sywtems. These smaller, more compact
appr sches may lead to a less-costly commercial
reac.or, while cons{derably veducing develop-
ment requirements and covts.

I11. RATIONALE

Although the coapact apprnaches reduce the
ntored plasma enevgy required for commerciusl
funisn by  an order of magnitude, while
simultunsounly giving enhanced sydtem power
dengity and FPC vaws utilization, ultimately,
the decision on an opti{mal aywtem power dennity
must be made on the bssis of ecoromice. The

direct costs of a fission or fusion reactor (s
dlvided {nto the Reactor-Plant-Equipment (RPE)
and the Balance-of-Plant (BOP) costs. The BOP
consists of all subsystems outside the second-
ary containment. The RPE cost for fission
reactors 1{s asoproximately 257 of the plant
totai direct cost (TDC). Most of the atudies
sumnarized on Tsble 1, however, project RPC
costa that range from 50 to 75 percent of the
TDC. The BOP costs for a fission and fusion
plant of the same el:ctrical power output are
expected to be approximately the same, although
the reactor-buiiding costs for the latter can
be greater. Hence, TDC estimates for fusion
reactors predict higher values than for fission
power plants because of high RPE costs related
primarily to expensive (i.e., massive, high-
technology) FPCs. This simplified view must be
tempered with certain caveats. Fusion reactors
capable of significant direct conversion attain
higher overall energy conversion efficiencies
and, therefore, project smaller BOP costs; the
TDC, however. will be smaller only 1f the cost
of the direct energy convertors is sufficiently
low. Also, aystems with high recirculating
power fractinons will require larger BOPs and
asasociated costs, even though the FPC wass
utilization mav be low,

A correlation of the ratio RPE/TDC with
the Unit Direct Costs (UDC) for a range of
conceptual fusion power plants (Table !) (s
given {n Fig. 2; the dominance of the RPE rosts
for both mainline and major alternative fusion
concepts {s indicated. The UDC and the ratio
RPE/TDC use nominal values of ~ 900 §/kWe and
0.25, respectively, in Fig. 2 to normalifze the
fusfon projections to LWRu. The TDC for fustion
relative to fisgfon can then be determined
under the aasumption that the 40P costs for
like fueion and f{ssfon power plants are
nomi{nally equivalent; thia curve of Rie
(UDC)EUSION/(UDC)FXSS ON {8 also g(VCl\ on
Fig. 2. Assueping that the fusion system can
expend mcre on capitai inveutment because of a
negligible fuel cout, this tradeoff of fuel for
capital coet becomas werginal for RD values in
excenn of ~ 1.3 {f the fuel cost for {inufon
nominally comprises 1/4=1/3 of the energy cort.
Generally, operdtion fr the low=-cconomic=-
leverage regime, where RPE/TDC < 0.3, wiil
require Lthe FPC to be a less dom{nant component
of the TDC. For teasonable uvnit conts  (§/ky)
of fabr{cated, high-tectnology components, thix
criterion can be met only by decreascd FPC mans
util{zat{ion (tonne/MWt) or {ncreamcd ayvstem
power denmity; more compact systems will be
required,

The FPC mann utf{lizatf{on for mout fusfon
planta {8 projected to 1{es {n the ranpge S5-i0
totnne/MWe, compared to 0.} tonne/MWt for LWRs.



1021 STARFIRE

1 T T T — 1 1 T L gMARS |
MSA(8%)50 O MSR(4%)
croR—e—r B REPR
6‘102%- RIGGATRON £g5 ¢ EBTR ﬁ
E o FED OCRFPR
= ALC-C v
2 . AmFTF-g  BTFTR
[vod 1°‘0r— -
w 0 -
- L
W a p ATF-1
z 10‘3 PLT i
- w- \
< .ﬂ H-E
n<. FAx-c 9 @
z p—
O (0.8 MA)
16 €8-S .’
< 10 - ™ .nB n,// -
Tux® @ 8 2ZT-40M(0.2 MA)
10'8] A 1 1 1 N 1 1

10° 10' 102 10%® 104 105 10%® 107 10® 10°® 100
PLASMA ENERGY (J)

FIG. 1. ~Achieved, projected, and reactor values of the conf{nement parameter, nig, plotted versus
total kinetic enecgy stored in the plasma, E_. Solld points corresp>ad to experimental achievaments,
and open pointa are projections. Sources of Tnformation: Alcator-C (Ret. 31): Doubles-1I1 (Ref. 32);
PLT (Ref. 33); MHRcllotron-E (Ref. 34); Wendlsteln-VITA (Ref. 33); 2T-40M (Ref. 36); ETA-BETA II
(Ref. 37); TPE-1PM (Ref. 34); EBT-S (Ref. 39); NRT (Ref. 40); FRX-C (Ref. &1);: CTX (Ref. 42); TMX
(Ref., 43),

The mass ut{lization for the LWK {s coamputed as uncertainties aggociated with the assumed
the mass of the purimary containment vessel plasma performance and FPC operation; both
(less the fuel) divided by the total thermal significantly affect plant performance end
power. The mass wutilization wmust be used cost, which {n turn can lead to =uppreciable
carefuliy as a comparative measure of system costing uncertai{nty and seignificant wunder-
performance; clearly, such comparisons {mply a estimates.

monotonic relationghip between mass and cost.

Systens with a FPC comprioed of large masses of The direct capital cost represents only
fnexpensive coolant ({.e., PbLI) should une one component used in estimating the coat of
mass utili{zat{ons that are approp.iately electr{city (COE). The annual fixed charges
compensated (e.g., mass of drained blanket). will be approximately proportional to the TOC
The masn of an entire filssion power plant, because the indirect capi:al cost (s nominally
exclusive of  concrete but tncluding all the same percentage of the TDC for any fusion
re{inforciug bar, 1s 10-15 tonne/MWt, which for reactor. Furthermore, the fixed charge rate
vome fuwion reactors s approached by the FPC will be the secme unlesw, for example, the
many utilization alone. The FPC LYY Y compect resactors Tequire less time to construct
utilizations prcdicted for [ range of and are more apenable to mass production
commercial fusion reactor desfgns (s shown in methodu. Fue' experpas will be equal for <the
Fig. 3; an average FIC un:t cowt of ~ 30 ¢/kg same fusion power, and operation and maintee
Iy {ndicated, Importantly, the total comt of natce (0&M) costu ate expected to hoe
systems  with  RPE/TDC € 1/3 (Fig. 2) wiil be approximately equal for the same plant

lons senaftive to physics and technology electrical capacity. The 0&M costr will vary
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Plot of UDC versus RPE/TDC for a range
teactor designs. Normalizing these

costs to the LWR (UDC = 90C §/kWe, RPE/TDC =
0.25), the curve of Rpe = (UDC)FUSION/
function of

(UDC)FéSSIOg {3 aleo shown as &
PPE/TD under the assumption of nearly equal
ROF cost for comparable fission
power plants.

fusion and

of the neutron first-wall
loading, I (iM/m?), blanket energy multiplf-
cation, My first-wail radius, o
blanket/shield thickness, 4b, and nominal cofl
thickness, 6, 1s given by

expressed {(n terms

Pry . 21, (My + 1/4)r, 0
Ve (r, + ob + 4)?

Based wsolely on Fuclidian arguments for a
toroid that can be  approximated by a
cvlindrical geometry, the maximum syatem power
dengity occurs for r, = &b + 4 and equals

P T,(My + 1/4)
(- e N . (2)

R U

In arriving at this expression, i, , 4b, and ¢
are held constent, {gnoting the relati{vely weak
{anterdependence hetween 4b, Iv' ty, My, and the
desire to0 achieve » given radlation/heating
level at the cofl postition, Within theae
lim{tatinns, Eq. (2) i{ndicates three approaches
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FIG. 3. Correlation of the UDC projected for a
numbeyr of fusion reactor designs on the FPC
massg utilizat{ion. The small variations

regalting from differences {n total power out-
put have been reduced by normalizing all
designs to 1000-MWe(net) plant capacity.

to {ncreased system power density and decreaged
FPC mass utilization.

® Increase blanket
HN .

- resl increase: in gitu fission

- virtual 1increase: in situ fissile-fue!
breeding

energy wmulti{plication,

® Increase fusf{on neitron first-wall

surrent: 1,(MW/w?) = C.57¢ 828",

= r, + 4b
reduced

® Decrease ninor systems radius, e
+ &8, which s achieved through a
blani.et/ghield thickness.

Using Eq. (2) and requiring (PTH/VC)HAX >

(PT“IV°);AX' the latter being a reference or

design value,

4
—_— s vt (3
2020280 + 62k X
vwhere r, » 4bh + § and a constraint on tota!
power is {mplied. For {netance, {f Py, ¢ 4000
MWe, requiring that the major vadius 2ry+
sb + & « 2(6b + 48), ard specifying that



(PTH/VC)‘ > 10 MW /m3 together lead to the
followinh constraint

P
(b + 63 ¢ — L == 250 w7 (&)
(Prp/V O (4
RWRTS

or that &b + 8 < 1.36 m. Clearly, ouly thin
tritium-breeding blankets (4b > 0.6 =) and
resist ve magnets (§ < 1.36 - &b = 0.8 w) can
meet these congtrainta.

The compact teactor option with
PTH/VC > 10 Mit/m3, therefore, is avallable to
MFE approaches that: a) can operate with long-
pulsed or steady-state resistive coils while
consuming only a small portion (< 5-10%) of the
fusion power, and b) can operate with steady-
state f{rst-wall neutron currents given by

Py 2(ab + &)
I (MW/22) = - L8P T2/
w( /2) \vc )M\X "N + 1/4

1/3 1273

{CPru/Ve) " yax]
(My + 1/6)(6n)2/3

2P
™ . 1520 MW/22 , (5)

¢

where, again, (Pru/V ); * 10 MWe/a’, Py
4000 MWt, and M, = T.E ave been used. Heﬁce‘
fusion neutton irst-wall loadings that are
5-iC greater than those being projected for
other systems wi.l be required. Furthermore,
recalling that I, = 0.578%B“r_ and assuming ¢

¥ r,, the compact reactors must be baged on
plasmas that are capable of 882 » 5.1 T2, where
8 (s evaluated at the plasma surface and
tvpically 15 less by a factor of ~ 2 than the
magnetic field at the coil, Generally,
{nprovemeitits in beta and/or coil technologles
wili be required for man,; of the approaches
listed on Table I in order to significantly
enhance the syatem power dens{ty, decrease the
mass utilization, and lower the TDC and COE.
Simultaneousiy, these conditions mugt be
achieved n copper-col]l aystems that do not
require a large fractiun of the fugion nower to
recirculated for makeup of Ohmic losses, there-
by assuring the cost advantages of less massive
FPCs  are not «aerfously eroded by abnormally
large BOP costs.

V. OPTIONS

The survey of compact fusion concepts
given by Groaa in the Ref. 30 workshop
encompasees toroidal devices supporting large
plaama current density (RFPs, OHTEs, high-fileld
tokamiaks), a variecy of f{eld-reveraed config=-
urations And wspheromaks, snd other vevy dense
and haghly pulsed configu-ations ({.e., dense

Z-pinch, imploding I{ners, wall-confined
systems). Only the f£i{rst grouping (RFPs,
OHTEs, high-field tokamaks) is considered here,
these devices sharing ccomon features of Ohmic
heating to {gnition {n a resistive copper=-coll
system, while focusing specifically on the reed
for high system power densities. Typical
parameters for the CRFPR, OHTE, and Riggatron
reactora are also given {n Tatle 1,

A. Compact RFP Reactor (CRFPR)!3

The CFRFPR 18 a toroidal axisymmetric
device in which the primary confinement field
is poloidal being generated by a toroidal
current flowing in the plasma. :lthough large
within the plasma, the toroida! fileld panses
through zero at the plasma edge, reversing
direction to a very low value at the magne:
coils. The regulting large magnetic shear
allows high-8 operation and is maintained by
intrinsic plasma processes that converr
poloidal to toroidal flux, thereby maintaining
the reversal. All coils are positioned
externally to the bianket, enhancing the
ability to breed trit{um, providing radfatfon
protection of the exo-blanket coll, and
decreasing the recirculating power fraction.
The high power density {is attal.aed with
woderate betgs (0.1-0.2) without requiring high
fields at the coils, which also substantially
reduces the recirculating power fraction.
Significantly smaller plant-capacity systems
than the 1000-MWe reporied in Table I are also
possible for the CRFPR, although at a higher
unit cost. Central to the achievement of high
system power density 1{s the reduction ({n
blanket/shield thickness accompanying the use
of normal copper «coils. For efficient hea-
recovery and for adequate tritium breeding,
minimum blanket thicknesses of ~ 0.6 @ will be
required. Although designed for long-pulsed
operation, the potential exists for a unique
and erficient steady-astate current drive’® for
the KFP.

B. Ohmically Heated Toroidal -“xperirient

(OHTE) Reactor*®

More conservative agsumptions with resnect
to the external control plasma cenergy l-sses
that sccompany the maintenance of toir~idal-
field reversal near the RFP plasma edge leands
to the OHTE. The f{eld reversal and assoclated
magnetic ahear at the plasma edge is controiled
by actively-driven helfcal «colls posftioned
near the plasma edge. The high-power-dens{ty
operation {s attained at moderate to high beta,
but with higher coil fields than for the R¥FP
without helical windings. To ensure propet
fleld structure these helical coily force
larger aspect ratlio plasemas, {ncreasing the
etored wmagnetic energy. In addition, this




winding produces magnetic flux in opposition to
the ohmic heating (OH) winding requiring
increased current swings of ~ 25X {in the OH
set. Since the resistive copper coils are
operated near room temperature and ate
positioned near the first wall, the overall
system performance may be reduced in terms of
increased recirculating power, reduced plant
thermal efficiency, and {ncreased stored
energy.

C. Riggatron High-Field Tokamak!3

The Riggatron 18 based on a high-field,
Ohmically-heated tokamak that wuses a high
toroidal current density ar? high torotdal-
field copper coils positioned near the first
wall. Net energy productio.. is possible {in a

relatively short burn period from a
moderate-beta, Ohmically-heated plasma. The
“evere thermal-mechanical and radiation

environment in which the relatively inexpensive
plasma chasber and coil set wmust operate
dictates &an approximately one-month life. The
overall system performance in terms of plant
thermal efficiency and the ability to breed
tritium {s reduced, since the coils are
positioned near the first wall., Un}ike the
compact RFP and OHTE reactors, the fusion
neutron power {s recovered in a fixed lithium
blanket located outside of the plasma chamber
and magnet sgystem. Recovery of Ohaf{c and
neutron heating in the copper collis 1is also an
egsential element of the overall Riggatron
power balance, which 1like the OHTE reactor
requires a large recirculating power fractior.

D, Other Potential Approaches to Compact

Reactors

A number of reactor configurations based
on field-reversed“! or spheromak“? plasmoids
may qualify for the compact, high=power-density
option, as previously defined. These Compact
Toroids (CT) are generally pulsed systems based
either on a translating burning plasmoid or a
stationary plasmoid that {8 subjected to {n
situ magneiic and/or liner compression. The
latter approaches, as embodied in the TRACT¢?
or LINUS¢! reactors, offer .he potential for
system p~wer densities approaching the 5-10
MWt /m? range; other CT reactor embcdiments also
promise significant increases in system powver
density. The advantages and limitation of a
nunber of CT reactors have been reviewed {n
Refo. 9 and 25; no attempt {8 nmude here to
tnclude unique engfacering and technology needs
of the CT reactors unt{l reactor designs that
emphagize the gpecific ~oal of high system
powel denaity and reduced cost becowe avail-
abie. Si{imilar comments apply to the other
AFCs.

Vi. TECHNOLOGY

The technology requirements for the
compact apprcaches have been summarized3?
relative to the STARFIRE cckamak.? This tech-
nology assessment has been presented according
to wmajor uvatems that o *ly dimpact the FPC
(Plasma Engil.eering Sys Sfuclear Systems,
and Magnzt Systems); some 1. .cations on Remote
Maintenance and Safetv systems are alsn
given.3°

Compact reactors would op:rate at higher
plasma densities and, therefore, refueling,
impurity con“rel, and ash removal requirements
differ. The higher plasma density may also
lead to wmore difficult tf current-drive
requirements for gteady-state operation. The
potential for low-frequency (few kHz) "F=©
pumping"5° ava‘lable to the RFP and OHTE,
however, represents an attractive mezns <o
drive steady-state plasma curvents. The first-
wall power loady for compact reactors are
higher than for other fusicn systems, which
also leads to higher blanket powsr densities.
Although the FW/B for the cormpact systems would
operate under more highly stressed conditions,
these conditions are considered standard for
fiegion energy sources. The magaetic field
requirements for the RFPs can be lower than fcr
most fusion reactor systems, but the flelds are
congideradly higher for the Riggatron.
However, the primary difference in magnet tech-
nology is reflected by the use of
res{stive-copper rather thar superconducting
coils for compact fusion reactors, giving the
lattec an enormous advantage in terms of de-
velopment and reliability requirements.

The requirements for the Plasma
Engineering Systems should not significantly
differ from other fusion systems. Because of

the higher fi{rst-wall thermal loadings, 3 heat-
flux-concentrating limiier does not appear
feagible, and a larger fraction of the first
wall will have to serve the limiter function if
a divertor is not used. Therefore, the compact
option poses more difficult technology
tequirements related to the first-wall thermal/
particle load and blanket (or magnet for
Riggatron) power density. A potentially more
difficult safety requirement for the compact
system: is vrelated primarily to the need for
{ncreased emergency-core-cooling capabil{ty
because of the higher afterheat power density
{n the FW/B or in the colls {n the case of the
Riggatron, this enhanced afterheat puwer
density resulting from the higher overall
operating blanket power density. The magnet
technology requirements are significantly less
difticult for the CRFPR and OHTE concepts



becauge of the absence of superconducting
magnets and, {n the case of the CRFPR, the
steady-state magnetic {ields are low. Lastly,
because of the physical size and cass, block
maintenance 18 possible for compact reactors,
wvherein the complete FPC is removed external to
the reaztor cavity, for maintenance and cepair
operations, with a more rapid replacement by a
fresh, pre-tested unit, promising shorter down-
times and more reliable restarts.

VII. SUMMARY AND CONCLUSIONS

In summary, the followling charac:teristics
emerge for compact fusfion systems.

® The FPC is comparable in mass or volume to
comparable heat B8ources of alternative
fission energy sources.
- system power denaity: 10-15 Mwt/m?
- mass utilization: 0.4-~0.5 tonne/MWt

® UDC ($/kWe) and COE (mills/kWeh) are less
sensitive to large changes in FPC unit
costs (S$/kg) and related physics and tech-
nology.

e Rapid development at reasonable cost may
be possible.

- small system size, flexible (alterable)
development path, possible to ex-
periment with technology paths while
avoiding large cost and time penalties.

- no need for long-lead development {te=s
that are sufficiently wuncertain in
themselves a8 to {impact the overall
approach (..e., largr superconducting
magnets, high-frequency/large-power rf,
large-power/ steady-state neutral-beaz
injectors, remote maintenance of
massi{ve structures).

® "Block" installation and wwaintenance
becomes a possibility.
- off-site mass production of complete

FPC.

- ghortened congtruction times.

~complete pre-installation thermo~-
mechnical/electromechanical/vactump test
of FPC.

- ghortened scheduled/unscheduled down-
time and higher plant availability.

Generally, the compact options require the
extension of existing technologies to accommo-
date the higher heat fluxes and power densities
needed to operate the FPC with ennanced systems
power deisity and mass utilization. The major
technological challenge, therefore, rests with
achieving reliable reactor operati{on of a more
highly "atressed" FPC. In return, a power
system emerges {n which basic physics and tech-

nological unknosms related to the FPC exert
considerably reduced economic leverages on the
total plant and energy cos*s. Equally 1if not
more {mportant are the benefits related to mcre
rapid development, {nstallation, and wmainte-
nance of FPCs that are at leas” an order of
magnitude less massive and complex than those
presently being projected for other MFE ap-
proaches.
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